The MC29 virus-coded protein pllG'm-'Yc was found exclusively in the nucleus of transformed Japanese quail (Q8) cells, and time course experiments indicated that the protein had a half-life of about 30 min. When extracts of either Q8 or chicken embryo cells infected with MC29 virus were prepared with nondenaturing detergents and then sedimented in sucrose gradients, pllO was found in the fractions expected to contain monomers (5.9S), dimers (9.3S), or mixtures of the two. The same extracts treated with denaturing detergent (0.2% sodium dodecyl sulfate) exhibited pllO only in fractions expected for the monomeric protein, but j8-mercaptoethanol had no effect on the original distribution. Gradients prepared with 0.5 or 1.0 M NaCI failed to dissociate the faster-sedimenting form. No other protein or polyribonucleotide which could increase the sedimentation rate of pllO was found, and neither RNase nor DNase altered the sedimentation pattern of pllO in nondenatured extracts. A reassociation of monomeric pl10 into dimers discernible by gel electrophoresis was demonstrated.
The MC29 virus-coded protein pllG'm-'Yc was found exclusively in the nucleus of transformed Japanese quail (Q8) cells, and time course experiments indicated that the protein had a half-life of about 30 min. When extracts of either Q8 or chicken embryo cells infected with MC29 virus were prepared with nondenaturing detergents and then sedimented in sucrose gradients, pllO was found in the fractions expected to contain monomers (5.9S), dimers (9.3S), or mixtures of the two. The same extracts treated with denaturing detergent (0.2% sodium dodecyl sulfate) exhibited pllO only in fractions expected for the monomeric protein, but j8-mercaptoethanol had no effect on the original distribution. Gradients prepared with 0.5 or 1.0 M NaCI failed to dissociate the faster-sedimenting form. No other protein or polyribonucleotide which could increase the sedimentation rate of pllO was found, and neither RNase nor DNase altered the sedimentation pattern of pllO in nondenatured extracts. A reassociation of monomeric pl10 into dimers discernible by gel electrophoresis was demonstrated.
A protein encoded by avian MC29 virus, p110ag-mvc, contains both viral gag and cellular myc portions as a hybrid polypeptide of 110 kilodaltons (kDa) (5, 17) . At least three other independent isolates of avian retroviruses, CMII, MH2, and OK10, contain myc sequences in their genomes (6, 7, 15) , and they produce either a similarly hybrid viral myc product (CMII and OK10 viruses) (6, 27) or a myc protein translated from a spliced viral mRNA containing cellular sequences (OK10 and MH2 viruses) (12, 17, 26) . The p1109'9-my' of MC29 virus is found predominantly in the nucleus (1, 24) and may be associated with chromatin (9) . The protein also has been shown to have DNA-binding properties, although sequence specificity for such binding has not been demonstrated (14, 24) . These observations, as well as those on the activation of cellular myc transcription in a variety of circumstances (30) , suggest the possibility of a regulatory role for myc protein in transcription or DNA synthesis.
Another virus-coded protein, the large T antigen of SV40 (A protein), is a nuclear protein (4) and has been shown to have regulatory activity for both transcription (29) and the initiation of DNA replication (25) . The SV40 large T antigen has been shown to exist in monomeric, dimeric, and tetrameric forms, but DNA-binding capacity was observed only with dimers and tetramers (8) . Also, several procaryotic proteins regulate transcription or DNA replication as oligomers, including the lac repressor (2), the X proteins CI, Cro, and CAP (10, 31) , and the T4 and gene 41 protein (22) . These observations prompted us to examine whether p110ag-mYc exists in the cell as an oligomer. In the course of these experiments we also examined the possibility that p1Osam-Yc becomes associated with a cellular protein. 
RESULTS
Intracellular stability of plljja9-mYc. Antisera directed against the viral structural protein p27"a" or the myc portion of p11Oag-mYc were used to confirm the intranuclear location of pllV-a'mYc (1) and to examine the time course of localization and stability. After the exposure of Q8 cells to [35S]methionine-containing medium for 6 h, the cellular extract was mixed with these antisera, and the immunoprecipitates were analyzed by electrophoresis in polyacrylamide gels. p1109a9-mYc was found exclusively in the nucleus (Fig. 1) , whereas the identifiable p279ag was in the cytoplasmic fraction. The p27 found in Q8 extracts in this and later experiments appeared to be either a degradation product of pllO or a cellular protein selected by the antiserum, since other gag products (e.g., p76 and p180) were not found in this nonproductive cell line. The The most intense bands of pllO were seen in the fractions expected to contain proteins ranging from 110 kDa (5.9S) to about twice that size (9.3S) (Fig. 3) The pellet from the gradient was reextracted with buffer containing SDS and examined for the release of bound p110. A band equivalent to about 20% of the total pllO in the sample was found (data not shown). Cellular DNA and chromatin sedimented into the pellet; this indicated that only a small portion of the intranuclear pllO was associated directly with the DNA or chromatin, as reported by Bunte et al. (9) .
When the radioactive cellular sample was treated with a partially denaturing solution (buffer containing 0.2% SDS) before centrifugation, nearly all of the pllO appeared in the monomeric region (Fig. 4A) , demonstrating that pllO monomers sediment at the expected rate in these gradients. In either denaturing or nondenaturing conditions, the gag-specific protein, p27, appeared in the fraction anticipated for a monomer (Fig. 3) .
The relatively high intensity of radioactivity in the dimeric region suggested a specific aggregation of p110. However, to preclude nonspecific ionic interactions, samples treated similarly with nondenaturing detergent were sedimented through gradients with higher salt concentrations (0.5 and 1.0 M NaCI). The result was essentially the same: pllO appeared in the fractions expected for both monomers and dimers and in intermediate fractions, demonstrating that dissociation could not be accomplished by merely raising the ionic strength of the gradient (Fig. 4B) .
In other experiments, a possible role for disulfide bands in oligomerization was examined. The addition of IPmercaptoethanol (1%, vol/vol) had no significant effect on the rapid sedimentation of pllO in nondenatured extracts. Extracts of chicken embryo cells infected with MC29 and RAV-1 were also examined in sucrose gradients. Immunoprecipitates obtained with anti-p271a9 serum showed that the pr769ag derived from RAV-1 sedimented mainly in the fractions expected for a 76-kDa protein (Fig. 5A) , indicating that pr769aR exists predominantly as a monomer in nondenatured extracts. In the same sample, pllO sedimented considerably further into the gradient, with a distribution similar to that noted above. When the extract was treated with 0.1% SDS before sedimentation, pllO was found in its expected monomeric position, sedimenting slightly ahead of pr76919 (Fig. 5B) .
Possible association of cellular macromolecules with p110. In the experiments described above, in which proteins were immunoprecipitated from nondenaturing extracts, several polypeptide bands unrecognized as either gag-related or myc-related proteins were observed. The occurrence of these bands, especially in fractions containing the presumptive pllO dimer, raised the possibility that pllO is associated with cellular protein under natural conditions. The same fractions shown in Fig. 1 were treated with partially denaturing detergent (0.2% SDS) to release any polypeptide associated with pllO before immunoprecipitation. Under To examine this possibility further, an antiserum induced against myc-specific peptide sequences (anti-myc ZC10) was used to immunoprecipitate pllO in the absence of any affinity for viral structural proteins. This antiserum had a common affinity for p110, but presumably differed in its ability to recognize and immunoprecipitate cross-reacting cellular proteins or degradation products of p110. When anti-ZC10 serum was used with fractions from sedimented Q8 extracts, pllO precipitated in both monomeric and oligomeric regions (Fig. 6) . Although other polypeptides appeared in these fractions, no single polypeptide was prominent in the gradient fractions containing the presumptive pllO dimer. A single light band of approximately 71 kDa was common to anti-p27 and anti-myc antisera, but its distribution in the gradient failed to support the possibility of a special association which would increase the sedimentation of p110.
In several experiments with direct Q8 cellular extracts (without zonal centrifugation), the anti-gag and anti-myc sera precipitated only pllO in common. It seems unlikely, therefore, that a cellular protein forms a natural aggregate with p110. The heterologous polypeptides found in pllO fractions can probably be attributed to inadvertent degradation of pllO in the gradient before immunoprecipitation, with subsequent differential recognition by the antisera.
Possible association of RNA with p110. The possible association of a cellular RNA species with pllO was also examined. After 4 h of exposure to [14C]uridine, Q8 cells were treated with nondenaturing detergent, sonicated, and sedimented in a sucrose gradient. Portions of the fractions were analyzed for radioactivity both directly and after immunoprecipitation with anti-p27. In this gradient, 5S RNA, tRNAs, and smaller species would be found in the first few fractions at the top of the gradient, and 18S rRNA and larger species would be found in the bottom four fractions (Fig. 7) . After immunoprecipitation, a small but distinct peak of radioactivity was found associated with the 9.OS fraction, the expected peak fraction for the pllO dimer. When the experiment was repeated, a similar radioactive peak was seen in the 9S region. The immunoprecipitable radioactivity 6 .oS represented about 1% of the '4C in the fraction. When the eluted immunoprecipitate was analyzed by acrylamide gel electrophoresis, no polynucleotide band was found; all of the radioactivity was found at the migration front. We are currently examining the possibility that the pllO dimer was nucleotide-binding ability.
In another experiment, DNase I (10 ,ug/ml) and RNase A (10 ,ug/ml) were added to extracts of [35S]methionine-labeled cells before centrifugation through a sucrose gradient containing 0.5 M NaCl. No differences in the sedimentation pattern of pllO were observed compared with that of untreated extract. Bands of immunoprecipitable pllO were found in both monomeric (6.OS) and dimeric (9.5S) regions. The addition of SDS to nuclease-treated extracts resulted in the appearance of pllO only in the monomeric region.
Preliminary attempts to reassociate monomers into dimers. We attempted to reconstitute dimers from pllO monomers in cellular extracts prepared with a partially denaturing solution (0.2% SDS). On several occasions, we observed a band estimated to be twice the size of pllO after immunoprecipitation and elution and cooling of the eluate in the presence of 3-mercaptoethanol for several hours before resolution by gel electrophoresis (Fig. 8) . The use of anti-ZC10 serum directed against the myc peptide avoided confusion of this p200-220 band with the pl80gag-PoI precursor of reverse transcriptase, and the addition of the free myc ZC10 peptide successfully decreased the amount of radioactivity in the band. This dimeric form has been observed only in extracts of MC29-infected cells, including the nonproducing Q8 and Q5 quail lines, and of chicken embryo cells infected with MC29 virus. Attempts to reconstitute dimers by other means are in progress. DISCUSSION The data presented here suggest that the virus-coded protein of avian MC29 virus (p1199ag-mYc) occurs as both free monomers and as dimers in infected cells. The higher-molecular-weight form was found not only in sucrose gradients of moderate salt concentration (0.1 M NaCI) but also in salt concentrations (0.5 and 1.0 M NaCI) that are expected to dissociate superficial aggregations. In several gradients, some pllO was found in fractions estimated to contain proteins considerably in excess of 220 kDa. However, no peak of activity was found in any single fraction, and the relative intensities of the bands decreased with increasing relative Svedberg values. It seems unlikely, therefore, that pllO occurs as natural oligomers larger than dimers.
A significant portion of the intracellular pllO sedimented into the pellet, presumably in association with DNA (24), chromatin (9) , or the nuclear matrix (17) . We have not yet been able to ascertain whether this association involves the monomeric or dimeric form or both of p110.
At least two other possibilities of dimerization of retroviral proteins have been reported. (i) A 120-kDa form of pp60src is produced by a Rous sarcoma virus-transformed rat cell line (18) . This protein appears to be a linear tandem polypeptide translated from a large (28S) form of viral mRNA and is not dissociable by SDS. (ii) Murine pr65sar occurs, in at least two cases, as intravirion 130-kDa dimers, which are nondissociable by SDS but reduced to 65 kDa by ,-mercaptoethanol (32). Since p1109a9-mYc dimers were dissociated by SDS but not by P-mercaptoethanol, the aggregation of pllO appeared to be different from that of these other proteins. In fact, the intracellular pr76 of RAV-1 occurred as a monomer with or without ,-mercaptoethanol. Therefore, the aggregation of pllO apparently occurs through domains in the myc region that are independent of disulfide bands.
Although other polypeptides were found in immunoprecipitates containing p110, association of cellular proteins was not responsible for the increased sedimentation rate of the presumptive dimer. A cellular protein(s) in association with 9 pllO would be expected to immunoprecipitate with pl0 regardless of the specificity of the antiserum. No prominent protein except pllO was selected in common by antisera against p279ag and against a peptide derived from a major exon of the myc gene. Heterologous polypeptides immunoprecipitated from p110-containing fractions were probably derived from pllO degraded during sedimentation despite our efforts to inhibit proteolysis. Different-sized fragments would be recognized by antisera of differing specificity, producing the observed result. In any case, an association similar to that of the SV40 large T antigen with cellular p53 (20) appears to be unlikely. We also were unable to find a polyribonucleotide associated with pllO that could increase its sedimentation rate in sucrose gradients, and neither RNase nor DNase affected the sedimentation pattern of pllO from nondenatured extracts.
The large T antigen of SV40 has been shown to exist in monomeric, dimeric, and tetrameric forms (8) . Only the aggregated forms exhibited two recognized activities of T antigen, ATPase and DNA binding, suggesting that T-antigen oligomers are the active forms of this virus-coded protein. No special biochemical activity of p11lagg-mYc associated with its biological function has yet been discovered, although the reported general affinity of pllO for DNA (14) may be useful in distinguishing the capabilities of the monomeric and dimeric forms. The activities of several procaryotic regulators of transcription or of DNA replication require oligomerization (2, 10, 22), and our observation that pllO occurs as a dimer is at least consistent with the notion that it has a regulatory function in nucleic acid synthesis.
Transcription of cellular myc mRNA occurs at least at a low level in most growing avian and mammalian cells, and presumably myc mRNA is translated into active cellular myc protein. The cellular myc protein has been described as a polypeptide of approximately 45 to 60 kDa (3, 16, 17) and as a 55-kDa protein (p 55) in our own unpublished observations. The finding of pllO dimers raises the possibility that pllO in excess combines with p55c-mYc to form heterologous p11Oam-'Yc-p55c-mY" dimers. Without expanding on this possibility, we can state that we observed no association of a cellular 55-kDa protein with pllO with any of the antisera described above. 
